Design of a multi-band loop antenna for wireless communications: Simulation and analysis  by Haj-Ahmed, Mohammed A.I. & Abedelazeez, Mohammed K.
Journal of King Saud University – Engineering Sciences (2011) 23, 67–73King Saud University
Journal of King Saud University – Engineering Sciences
www.ksu.edu.sa
www.sciencedirect.comSHORT COMMUNICATIONDesign of a multi-band loop antenna for wireless
communications: Simulation and analysisMohammed A.I. Haj-Ahmed a, Mohammed K. Abedelazeez b,*a Electrical Engineering Department, University of Jordan, P.O. Box # 922079, Amman 11192, Jordan
b Electrical Engineering Department, University of Jordan, P.O. Box # 13264, Amman 11942, JordanReceived 17 May 2009; accepted 2 January 2010
Available online 10 December 2010*
E
ab
10
El
Pe
doKEYWORDS
Multiband antenna;
Microstrip antenna;
Chip resistor loadingCorresponding author.
-mail addresses: Abu_alha
dlazez@ju.edu.jo (M.K. Abe
18-3639 ª 2010 King Saud
sevier B.V. All rights reserve
er review under responsibilit
i:10.1016/j.jksues.2010.01.00
Production and hj@hotma
delazeez)
Universit
d.
y of King
3
osting by EAbstract A multiband loop antenna that consists of a strip loop with two L-shaped arms con-
nected together and designed to share the same feed and shorting points is introduced. In particular,
this design can be considered to be an enhancement to the antenna presented in Chi and Wong
(2007). The proposed antenna has sufﬁcient bandwidth which makes it suitable for Global System
for Mobile (GSM) in the 900 MHz band, it also supports effectively the Advanced Mobile Phone
Systems (AMPS) 824–894 MHz, and the Digital Communication Systems (DCS) 1900 MHz bands
with 2.5:1 VSWR. As in Alkanhal (2005), the chip-resistor loading technique was investigated by
introducing a 3 X resistor to the antenna instead of the shorting pin between the antenna and
ground. This paper presents simulation results, detailed design, and parametric study with analyt-
ical discussion for the proposed antenna.
ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The rapid growth of wireless communications led to a concen-
trated research on antennas suitable for more than one appli-il.com (M.A.I. Haj-Ahmed),
.
y. Production and hosting by
Saud University.
lseviercation. This requires the antenna to have a resonant frequency
that serves applications with sufﬁcient bandwidth besides
being small and compact. Designing regular-shaped microstrip
antenna like rectangular and circular patches follows system-
atic and relatively simple ways that are cited in the literature;
a comprehensive mathematical approach helps the designer
to completely predict the antenna characteristics before being
fabricated or measured. And the measured results are with
great similarity with those obtained by the ﬁrst mathematical
model. However, antennas with the regular structure cannot
serve the recent requirements for wireless communications. In-
stead, the irregular-shaped patches were used to face the
requirements of bandwidth and small shape. Unfortunately,
there is no systematic approach telling how to design an irreg-
ular-shaped antenna. The general philosophy of these designs
starts from the regular-shaped antennas, with an adding and
removing processes. The remove processes include slotting
Figure 1 Antenna conﬁguration.
Figure 2 Detailed dimensions of the antenna (all dimensions are
in mm).
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by stacking, added arms, and adding parasitic elements. Since
these processes do not follow a speciﬁc approach, computers
are used to analyze and predict the antenna characteristics
using different methods of analysis such as the method of mo-
ment (MoM) or ﬁnite element method (FEM). With these pro-
cesses, the designer can increase the antenna bandwidth or
decrease the antenna size. Increasing the bandwidth could be
achieved by different ways as in Alkanhal (2005), or by adding
an extra parasitic element as in Ali et al. (2003). However, the
bandwidth improvement is done at the expense of increasing
the antenna size or decreasing the antenna performance. In
Nepa et al. (2004), two slots were suggested to maintain the
same antenna size. While in Chi and Wong (2008), the rectan-
gular tuning pad is used to maintain small antenna size of
1 cm3 and to have, at the same time, sufﬁcient bandwidth. In
Behdad and Sarabandi (2004), a double-element slot antenna
was used instead of a single-element one with the same size
to improve the antenna bandwidth by more than 94%. In this
paper, an extra L-shaped arm is introduced to the antenna sug-
gested in Chi and Wong (2007) to improve the bandwidth in
the vicinity of the 900 MHz band and to increase the antenna
gain. The idea of having a triple-band operation by adding an
extra resonant antenna element to a dual-band antenna is pro-
posed in Alkanhal (2005). The added arm will create a new
path for the current to ﬂow in; the new path is larger than
the two old paths making it possible to have a third operating
frequency at 824 MHz. The increment in bandwidth could be
utilized to work in the 800 MHz band (i.e., AMPS 824–
894 MHz). The simulation of the suggested antenna was done
using two methods of antenna feeding, i.e. coaxial cable and
strip-line. In present days, communication systems require
small antennas in order to ﬁt and integrate them within the dif-
ferent instruments (mobile phones, laptops, Bluetooth devices)
(Morishita et al., 2002). The suggested antenna has a planar
conﬁguration with small size of 20 · 50 mm2 that makes it very
promising to be used in mobile applications. It comprises of
two inverted-L arms with a loop surrounding one of these
arms to provide three resonant loop paths. These three loops
support four resonant frequencies for this antenna to have a
wide bandwidth operation from 795 to 1115 MHz
(320 MHz) which is sufﬁcient for GSM 900 and AMPS, and
from 1715 to 1895 MHz (180 MHz) which is also sufﬁcient
for DCS.Figure 3 Antenna feeding: (a) coaxial cable and (b) strip line
feed.2. Antenna conﬁguration
The conﬁgurations of the proposed antenna (of planar dimen-
sions 20 · 50 mm2) with its detailed dimensions are shown in
Figs. 1 and 2 respectively. The antenna and the system ground
plane (of dimensions 50 · 100 mm2) are printed on the front
side of FR-4 substrate (er = 4.4, lr = 1, dielectric loss tan-
gent = 0.02, with planar dimensions 50 · 120.5 mm2 and thick-
ness = 0.8 mm). The antenna and ground plane are enclosed
by a mobile phone housing (dimensions 122.5 · 52 · 12 mm3
with 1 mm thickness). Usually, the mobile phone housing is
made using acrylonitrile butadiene styrene (ABS) (er = 3.5,
and r= 0.02 mho/m).
The two antenna feeding techniques (i.e. coaxial cable and
strip line) are shown in Fig. 3. In the former, a coaxial cable of
50 X is connected to the antenna through a connector of aninner and outer radii = 0.2 mm and 1 mm. The inner conduc-
tor is connected to point A, and the outer conductor is con-
nected to point B (points A and B are shown in Fig. 2).
Another feeding technique is suggested using 50 X strip line
feed. In the strip line technique, the feeding line is connected
to points A and B through two strips of width = 0.5 mm
and length = 1 mm. These two strips inﬂuence the antenna
Figure 5 Excited surface current distribution of the proposed
antenna.
Figure 6a Radiation pattern for f= 900 MHz for the proposed
antenna.
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loop.
The antenna, shown in Fig. 2, consists of three parts: a loop
of 0.5 mm forming a rectangle that circles the second part, i.e.
an arm of length p= 41 mm and width w= 5 mm. The inter-
nal arm is connected to the outer loop 2 mm away from the
shorting point. The third part is the outer L-shaped arm (of
dimensions b= 50 mm, a= 5 mm) which is connected to
the rectangular loop from the upper left point.
In order to examine the proposed antenna characteristics,
simulation is performed to choose the different and the most
appropriate antenna parameters. The main parameter that
judges antenna performance is the antenna return loss (RL),
to determine the frequency band(s) in which the antenna can
be utilized. The antenna radiation pattern is another parameter
which will be studied, where this pattern is preferred to be as
close as possible to a monopole-like. Also, the excited surface
current distribution on the system ground plane is studied.
This current is preferred to be as small as possible since it af-
fects the antenna performance when the antenna is close to a
conducting material. In this paper, an improvement in antenna
performance will be shown when studying the antenna param-
eters. Increasing the bandwidth in the 900 MHz band is
achieved without affecting the antenna radiation pattern and
without increasing the surface current distribution. Different
dimensions of the added arm are also studied, and the results
of the return loss of the antenna for the different dimensions of
the added arm are compared and optimized.
2.1. Coaxial cable feed
Simulation of the proposed antenna is done using the Ansoft
simulation software High Frequency Structure Simulator
(HFSS 11). The return loss for the proposed antenna com-
pared to the antenna in Chi and Wong (2007) is shown in
Fig. 4. Three resonant modes (at 800 MHz, 900 MHz and
1100 MHz) exist to form a sufﬁcient bandwidth of about
320 MHz from 795 to 1115 MHz which makes this band suit-
able for GSM 900 MHz (880–960 MHz) and AMPS 800 MHz
(824–894 MHz). The fourth resonant mode makes a band-
width of about 180 MHz from 1715 to 1895 MHz, which
makes it suitable for DCS applications. The bandwidth deﬁni-
tion in this paper is based on 7 dB (or 2.5:1 VSWR) which is
higher than the required general mobile phone standards.
Radiation patterns, excited surface current distributions on
the antenna and ground plane, and the gain of the proposed
antenna are shown in Figs. 5–7, respectively. The excitedFigure 4 Return loss for the antenna in Fig. 2.
Figure 6b Radiation pattern for f= 1800 MHz for the proposed
antenna.surface current distribution shown in Fig. 5 reveals very small
values (approaches zero) in the system ground plane and en-
sures that the antenna will not be affected by different objects
in the vicinity. Due to the fact that mobile phones are required
to be compact and to contain many components, the property
of having small excited current distribution on the system
Figure 7a Antenna gain (dBi) for the lower range.
Figure 7b Antenna gain (dBi) for the upper range.
Figure 8 Return loss for different values of the slit v.
Figure 9 Return loss for different values of arm width a.
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date to be used in mobile phones. Radiation patterns shown in
Fig. 6 are similar to that of monopole antenna with some nulls
at h= 0, 90, 180 and 90. The proposed antenna gain at
900 MHz and 1800 MHz bands is shown in Fig. 7. Its gain
in the lower band is in the range from 1.3 to 1.55 dBi whereas
the lower band gain for the antenna in Chi andWong (2007) is
in the range from 0.3 to 0.8 dBi. However, the proposed anten-
na gain in the upper band was close to that in Chi and Wong
(2007) (both are between 2 and 4 dBi).
A parametric study for the dimensions g, h, p, t, w and L
can be found in Chi andWong (2007). However, the optimiza-
tion for these parameters is done again with the added arm and
gave very close results to those found in Chi andWong (2007).
In this paper, a parametric study for the added arm is made.
The added arm dimensions should suit the original antenna
dimensions to have a compact shape and small size for the pro-
posed antenna. Increasing arm width could give more reliable
performance of the antenna, but it will increase antenna size at
the same time. Also, the arm length should ﬁt the overall an-
tenna conﬁguration. As in Ali et al. (2003), the added arm
should improve the antenna performance without affecting
the compact shape or increasing the antenna size noticeably.
The slit between the outer arm and the rectangular loop (v)
is studied. A variation in its value is done between 0.4 mm and
2.5 mm with 0.1 mm steps. Obvious changes occur at the lower
range which makes the antenna incapable to serve GSM and
AMPS applications. Also, by increasing the value of the slit
v from 0.5 mm to 2.5 mm, a shift to the higher frequencies is
found for the upper band. To keep the resonant frequency in
the required range, a 0.5 mm slit is chosen. The results of the
simulation for v= 0.5, 1.5, 2.5 mm are shown in Fig. 8.
Another parametric study is made for the width of the
external arm a. The value of the arm width is changed from1 mm to 5 mm with 1 mm steps. Small values of a (a = 1, 2,
3) cause severe changes in the lower frequency band and the
antenna cannot serve the AMPS and it is not considered as a
balanced structure for the GSM. However, the upper band is
slightly affected by the inverted-L width a. The return loss of
the antenna as a function of the arm width when a= 1, 3, 5
is shown in Fig. 9. However, when choosing a= 5, sufﬁcient
bandwidth in both bands for the required range of frequency
is achieved.
2.2. Strip line feed
A 50 X strip-line feed which is easy to fabricate and match is
used instead of the coaxial cable to feed the antenna. For the
structure suggested in Fig. 2, the strip-line feed yields bad re-
sults compared to the coaxial feed as shown in Fig. 10. The
variation of the return loss vs. frequency indicates degradation
in the antenna performance; the antenna could not be used in
the GSM and DCS applications. Fig. 11 shows an antenna
(designated as antenna 2) structure that achieved better anten-
na performance when using a strip-line feed. The antenna con-
sists of two loops with an L-shaped arm enclosed by the small
loop. The three resonant loops formed by the antenna are
shown in Fig. 12.
The outermost loop is 138 mm, which is 0.38 of the
824 MHz wavelength. The inner loop is 128 mm which is also
equal to 0.38 of wavelength at 900 MHz, and about 0.77 of the
wavelength at 1800. As in Chi and Wong (2007), the presence
of the FR-4 substrate decreases the resonant length of the an-
tenna’s resonant modes. Here, the outermost loop path sup-
Figure 10 Return loss for the antenna in Fig. 3b using a strip-
line feed.
Figure 11 Antenna [2] conﬁguration for a strip-line feed (all
dimensions are in mm).
Figure 12 Resonance loop paths for antenna [2] for (a)
f= 1100, (b) f= 800 and (c) f= 900 and 1800.
Figure 13 Return loss for the antenna in Fig. 8
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AMPS, and the inner loop supports a 0.5 wavelength for
900 MHz and a 1.0 wavelength at 1800 MHz for GSM. The in-
ner loop with the L-shaped arm supports 1100 MHz. The re-
turn loss for the antenna proposed in Fig. 11 is shown in
Fig. 13. With a 2.5:1 VSWR, the lower band extends from
790 to 1060 MHz. This is useful in the AMPS and GSM appli-
cation. The upper band extends from 1795 to 1990, and so
could be utilized in the GSM 1900 application (1850–
1990 MHz). However, the antenna here is no longer suitable
for the DCS applications.3. Chip resistor loading
In Wong and Lin (1998), a 1 O chip resistor was introduced
near the edge of a circular patch to achieve direct matching
with a 50 O microstrip line feed. However, the chip resistor
loading technique is also used to broaden bandwidth or to
improve quality factor. As stated in Balanis (1997), the quality
factor is a representation for the antenna losses and a reﬂection
to its performance. It is strongly related to the antenna
fractional bandwidth. Any study of antenna bandwidth and
quality factor should take into consideration their effect on
each other. This can be seen obviously from the following
relation; i.e.:
Df=fo ¼ ðVSWR 1Þ=ðQt
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
VSWR
p
Þ ð1Þ
where Qt is the total quality factor, Df/fo is the fractional band-
width. With a constant VSWR, an inversely proportional rela-
tion between fractional antenna bandwidth and its total
quality factor can be observed. In Alkanhal (2005), a compro-
mise between the fractional bandwidth and quality factor is
done by introducing losses to the antenna. These losses are
represented by chip resistors of different values (1, 1.5, 3.5,
5.6 O) While in Khobragade and Talbar (2004), a comparison
was made by introducing two chip resistors of values 0.3 O and
1 O. The 1 O resistor achieved a 6.8% increase in fractional
bandwidth compared to 2.6% for the 0.3 O. In this paper, dif-
ferent resistor values were introduced instead of shorting pin
between the antenna and the ground. These values are in the
range from 1 to 10 O, the analysis for 3 O resistor is shown
in this paper. As proposed in Wong (2003), the resistor is kept
apart from the feeding point. An antenna with the 3 O resistor
is shown in Fig. 14. All dimensions are the same as in Chi and
Wong (2007) except those that are designated in the ﬁgure. The
return loss for this antenna is shown in Fig. 15. It is obvious
that the upper band suffered a noticeable shift to higher
frequency and it covers the range from 1840 MHz to
2020 MHz. This range serves effectively the GSM 1900 MHz
application. However, the lower band extends now from
880 MHz to 1040 MHz and still could serve the GSM
900 MHz application; while the lower band for the antenna
in Chi and Wong (2007) extends from 870 MHz to
1150 MHz. This is a reduction of about 42% in fractional
bandwidth without affecting antenna performance. Since the
Figure 14 3 O resistor between antenna and ground.
Figure 15 Return loss for antenna in Fig. 14 with 3 O resistor
compared to the antenna proposed in Chi and Wong (2007).
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the reduction in bandwidth reﬂects an increment in the quality
factor. In this conﬁguration we introduce a more balanced
structure in 900 and 1800 MHz.
4. Conclusion
A microstrip internal compact multiband loop antenna has
been designed and studied. For this antenna, a sufﬁcient band-
width with two operating bands in 900 MHz (795–1115 MHz)
and 1800 MHz (1715–1895 MHz) was achieved. Compared to
the antenna in Chi and Wong (2007), this design achieved an
increase in the bandwidth of 40 MHz in the lower band. This
is a considerable improvement since it – unlike the antenna in
Chi and Wong (2007) – covers the AMPS range (824–
894 MHz) and eliminates the undesired range of frequencies
above 1100 MHz. Although the upper band lost 20 MHz
compared to the antenna in Chi andWong (2007), it still covers
effectively the DCS bands. The antenna is suitable to be used in
mobile phones since it occupies a total area of (20.5 · 50 mm2)
and it has two wide bands which make it suitable for AMPS,
GSM 900 and DCS applications. In addition, the antenna
showed small excited surface currents distributions in the sys-tem ground plane and this makes it a promising candidate to
be used in mobile phone applications since it will not be
affected by close conducting materials. The proposed antenna
showed better results in the lower band antenna gain from
1.33 to 1.5 dBi compared to 0.3–0.8 dBi for the antenna in
Chi and Wong (2007). However, the antenna radiation pattern
showed some nulls when h= 0, 180, 90 and 90. A para-
metric study was performed to ﬁnd optimum dimensions for
the antenna. Increasing the value of the slit between the added
arm and the rectangular loop from 0.5 mm to 2.5 mm leads to
unacceptable impedance matching in the lower band making
the antenna incapable to cover the GSM 900 MHz band; the
upper band suffers from shifts to higher bands with increasing
the slot values. On the other hand, decreasing the value of the
added arm length from 5 mm to 1 mm also caused unacceptable
impedance matching in the lower band with keeping the upper
band approximately unchanged. Two feeding mechanisms were
used and compared; the coaxial cable feed and the strip line
feed. When the strip feed of 50 X impedance was used to feed
the proposed antenna, it showed an unacceptable impedance
matching in the lower band and the antenna is not considered
as a balanced structure for GSM 900 MHz operation. For this
reason, the antenna in Fig. 11 (designated as antenna 2) was
suggested and showed better results. Its lower band extends
from 790 to 1060 MHz. and so the antenna can work effectively
in AMPS and GSM 900. However, the antenna causes the
upper band to be shifted for higher frequencies and it is now
capable to work in GSM 1900 MHz. A 3 O resistor was
replaced with the shorting pin in Chi and Wong (2007). This
resistor causes the lower band to be reduced from 280 to
190 MHz. This is a reduction of 42% in the fractional band-
width. Due to this decrease in bandwidth, the antenna quality
factor has been increased.References
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